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(§) Tapered notch antenna. 

@ An improved tapered notch antenna configuration is provided. H-plane pattern directivity is achieved 
by splitting the planar tapered notch into two diverging surfaces to increase aperture dimension in that 
plane. 

A first embodiment describes a stripline feed approach where the ground plane conductors and 
attendant dielectric substrates diverge in the notch taper region. 

A second embodiment utilizes a conductor plane containing a notch and coplanar transmission line 
which is imbedded at half-depth within an essentially thin dielectric slab. The conductor plane and the 
dielectric slab separate into two equal but diverging conductive surfaces on separate dielectric 
substrates in the taper region. 

The improved tapered notch antenna, according to , the invention, provides increased H-plane 
directivity, while retaining the prior art-features of feed compactness, low-cost, and repeatabBrty. 
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Technical Field 

This application relates to notch/slotline anten- 
nas. 

Background of the Invention 

The present invention pertains to linearly 
polarized notch (i. e., slotline) antennas that are tap- 
ered outward toward the open end. As is known, an 
open-ended slot or notch radiator is a relatively broad- 
band element especially when flared as a broadband 
transition to free space. It has important advantages 
which are desirable, such as being light in weight, 
cheaply manufactured with printed circuit board 
techniques that are capable of accurate replication 
from unit to unit 

Tapered notch antennas excited by a microstrip 
feedline are known in the art Such a prior art antenna 
is shown in Fig. 1. There is shown a planar surface 
101 such as a circuit board with a front side 1 03 and 
a back side 105. The front side 103 has a metallized 
surface 107 with a tapered notched area 111 etched 
away to expose a dielectric substrate 109. This area 
extends to the edge finalized as dimension A. The 
back side 105 comprises the dielectric substrate 109 
with a metallized strip 113 affixed thereon. The metal- 
lized surface 1 07 forms a ground plane for the micro- 
strip feed line 113. 

As is known, the signal to be transmitted is 
applied to the strip 113 and coupled to the tapered 
notch 111 by means of the cross-over junction 115. 
The length of the open circuit stub 1 17 of the strip 
1 13, and the length L 2 of the short circuited stub of the 
notch 111 are adjusted for optimum coupling at the 
junction 115. A notch antenna begins to radiate when 
the width of the notch as manifested by the taper 
becomes excessively wide. It is known that if the 
guide wavelength in the notch exceeds about 0.4 free 
space wavelength, then radiation results. The radi- 
ation may be controlled by the taper as a travelling 
wave outward toward the flared open end A. The 
dielectric helps confine the fields to within the region 
of the notch. At that point nearly matched impedance 
conditions exist and launch of the field occurs with the 
E- and H-field components and the maximum radi- 
ation direction P as indicated. The wave polarization 
Is parallel with the plane of the notch and the attendant 
taper. A phase center exists essentially at the center 
of the end of the flare A, and reciprocity holds for the 
system. 

The radiation pattern in the E-plane has 
maximum directivity in the direction of P determined, 
m part by the electrical dimension of A. The H-piane 
radiation pattern has a very broad cardioid shape with 
a deep null in the direction of the shorted end of the 
notch and the maximum at the taper end in the direc- 
tion of P. 
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One problem with the prior art arrangement as in 
Fig. 1, is that it has low directivity in the H-plane. It is 
desirable, therefore, to provide an improved tapered 
notch antenna. 

Summary of the Invention 

It is an object of the invention to provide an 
improved tapered notch antenna. 

Therefore, an improved tapered notch antenna is 
provided. In a first embodiment, a stripline feed is 
used to implement a simple double conductive plane 
divergent tapered notch to yield twin phase centers 
useful for the increase of H-plane directivity. 
is In a second embodiment a feed line structure is 
utilized that is a coplanar line, meaning that all con- 
ductors of the transmission line and the notch are in 
the same plane. As a result this embodiment requires 
access to only one side of the printed circuit board for 
20 fabrication. This structure lends itself to simpler fabri- 
cation and to array techniques for increasing the H- 
plane directivity. 

In a third embodiment the directivity of the H- 
plane pattern directivity is increased by splitting the 
25 tapered region of the second embodiment into two or 
more conducting surfaces. The surfaces each contain 
the original tapered configuration and diverge out- 
ward away from one another in a controlled fashion, 
thereby forming an array in the H-plane of multiple 
30 phase centers of radiation. Due to the controlled 
divergence, the array has at the taper end of each 
diverging surface a controlled amplitude and phase, 
which combined yields an H-plane pattern shape and 
directivity beyond that of the single plane (single 
35 phase center) tapered notch element In its simplest 
form, a single split, two surface, equal-taper element 
will have similarities to a twin dipole array of equival- 
ent H-plane spacing. 

In a first aspect, the invention provides an 
40 antenna comprising: 

a planar surface with metal coating disposed 
thereon, 

the metal coating removed in a first essentially 
linear region to form a stripline feed, 
45 the metal coating removed in a second region 

to form a notch having a closed narrow end and a rela- 
tively wider end that is open; 

said stripline feed region intersecting said 
notch at a coplanar junction located near said narrow 
so end of said stripline feed, 

the notch forming two metallic fingers that 
extend away from said coplanar junction and toward 
the open wider end; 

wherein each of said two metallic fingers is split 
55 into two leaves, the leaves parted^and separated rela- 
tive to each other; and, 

wherein said leaves diverge outward from one 
another toward said open wider end. 
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In a second aspect, the invention provides an 
antenna comprising: 

an essentially planar dielectric surface having 
an edge with a metal coating disposed thereon, 

the metal coating removed in a first essentially s 
linear region to form a coplanar waveguide feed, 

the metal coating removed in a second region 
to form a notch having a closed narrow end and a tap- 
ered widerend that is open at the edge of the dielectric 
surface, 10 

the coplanar waveguide feed intersecting the 
notch at a coplanar junction located near the dosed 
narrow end of the notch. 

In a third aspect, the invention provides an 
antenna comprising: is 

a feed line and a notch radiator, 

said notch radiator having a closed narrow 
end, the other end having a wider tapered region that 
is open, 

said feed line and said notch radiator being 20 
coplanar, with the feed line and the notch radiator con- 
ductors in the same plane and disposed on a dielectric 
surface, 

said feed tine coupled to said notch radiator by 
means of a coplanar junction located near the closed 25 
narrow end of the notch. 

In a fourth aspect, the invention provides an 
antenna comprising: 

two thin dielectric substrates, 

the first substrate having an outer side and an so 
inner side, the outer side having a metallic surface dis- 
posed thereon, the inner side having a metallized strip 
affixed thereon whose function is that of a stripline, . 

the second substrate having an outer side and 
an inner side, the outer side having a metallic surface 35 
disposed thereon, the inner side unmetailized, 

the metallized surfaces both having substan- 
tially identical portions of the metallic coating removed 
by etching to form a tapered notch on each surface, 
each notch having a narrow closed end and a rela- 40 
tively wider tapered end that is open, 

the inner surfaces of both substrates bonded 
together in the region near the narrow closed end of 
the notch, 

the inner surfaces of both substrates sepa- 45 
rated from each other in the region near the wider tap- 
ered end of the notch, 

the inner surfaces diverging outward one from 
another towards the open end of the notch. 

In a fifth aspect, the invention provides a printed so 
circuit board including an antenna, the antenna com- 
prising: 

an essentially planar metallic surface, 
the metal coating removed in a first essentially 
linear region to form a coplanar waveguide feed, 55 

the metal coating removed in a second region 
to form a notch having a closed narrow end and a tap- 
ered widerend that is open at the edge of the dielectric 



surface, 

the coplanar waveguide feed intersecting the 
notch at a coplanar junction located near the closed 
narrow end of the notch. 

In a sixth aspect, the invention provides a printed 
circuit board including an antenna, the printed circuit 
board including a surface, the antenna comprising: 

a feed line comprising a first area of the printed 
circuit board surface having conductive metal depo- 
sited thereon and a notch radiator comprising a sec- 
ond area of the printed circuit board surface having 
conductive metal deposited thereon, 

said notch radiator having a closed narrow 
end, the other end having a wider tapered region that 
is open, 

the feed line being generally elongated and 
having a relatively narrow width; 

the notch radiator and the feed line each run- 
ning in a generally orthogonal direction to each other; 

said feed line coupled to said notch radiator by 
means of a coplanar junction located near the closed 
narrow end of the notch. 

In a seventh aspect, the invention provides an 
antenna comprising: 

two thin dielectric substrates, 

the first substrate having an outer side and an 
inner side, the outer side unmetailized, the inner side 
having a metallic surface disposed thereon, 

the inner side metallic coating of said first sub- 
strate removed to form a tapered notch with coplanar 
transmission line feed, 

said notch radiator having a narrow closed end 
and a relatively wider tapered end that is open and 
said coplanar transmission line feed located in the 
region of said narrow end, 

the second substrate having an outer side and 
an inner side, the outer side unmetailized and the 
inner side having a metallic surface disposed thereon, 

the metallic coating of said second substrate 
removed in substantially identical portions as that of 
the first substrate but in mirror knage such that when 
the inner surfaces are placed together an alignment 
of the metallic coating is achieved, 

the inner surfaces of both substrates bonded 
together in the region near the narrow closed end of 
the notch, 

the inner surfaces' of both substrates sepa- 
rated from each other in the region near the wider tap- 
ered end of the notch. 

Brief Description of the Drawings 

Fig. 1 shows a microstrip feed antenna, as in the 
prior art 

Fig. 2A-2B show a first embodiment of a tapered 
notch antenna, according t&the invention. 

Fig. 3 shows a second embodiment of a tapered 
notch antenna, according to the invention. 
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Rg. 4A-4B show a third embodiment of a tapered 
notch antenna, according to the invention. 

Detailed Description of the Invention 

5 

Referring now to Rg. 2A there is shown a side 
vtew of a first embodiment of a tapered notch antenna, 
according to the invention. There is shown an antenna 
that te formed by using a conventional stripline printed 
circuit board technique consisting of two thin dielectric 10 
substrates 219 and 221. The side 201 of substrate 
219 has a metallic coating 21 5 disposed thereon. The 
other (inner) side of substrate 219 has a metallized 
strip 21 1 affixed thereon whose function is that of a 
conductive stripline track. On side 203 of the second 15 
substrate 221 a metallic coating 217 is disposed the- 
reon. The other (inner) side of substrate 221 is 
unmetalized. The metallized surfaces 215 and 217 of 
substrates 219 and 221 respectively have identical 
portions of the metallic coating removed by etching to 20 
form a tapered notch depicted by 21 3 on the outer sur- 
faces of both substrates, thus exposing the dielectric 
substrates 219 and 221. When the inner surfaces of 
substrates 219 and 221 are bonded together between 
line Q-Q and line R-R, the outer metallized surfaces 25 
215 and 217 form the ground planes for the stripline 
feed whose conductive track is metallized strip 21 1 on 
the inner surface of substrate 219. 

When a signal to be transmitted is applied to strip 
211 it is coupled to the tapered notch of both metal- 30 
iized surfaces 215 and 217 just as in the microstrip 
version of Fig. 1. Reactive stubs 205 and 207 serve 
the same function as those of Fig. 1. The field in the 
stripline fe thus coupled to the notches in 215 and 217 
and travels outward toward R-R. The respective 35 
dielectric substrates tend to confine the respective 
portions of the field to the respective notch. At the 
point R-R the substrates diverge outward one from the 
other as shown in Fig. 2B. The travelling wave is equ- 
aly divided at R-R and the respective portions of the 40 
field in the taper sections also diverge outward equally 
toward the taper end at S. S' and T, T\ Here coupling 
occurs as a space wave both at S f S' and T, T' each 
essentially acting as a separate phase center. Wave 
polarization of each phase center is parallel with the as 
ptene of the respective taper, with maximum radiation 
P as indicated in Rg. 2B. Reciprocity holds for the sys- 
tem. The two divergent tapered notch surfaces 215 
and 217 thus result in two discrete apertures S, S' and 
T, T sJmlar to two dipoles, one oriented along the line so 
S, S'and the other along line T, P, both fed in phase 
with equal amplitude and spaced the dimension B 
apart 

The spacing B gives an amay factor to the H- 
ptene directivity and is adjustable, thus enabling the ss 
width of the cardioid shape to be reduced. Maximum 
directivity of the array is in the direction of P f and the 
E and H field components are as indicated in Fig. 2B. 



Turning now to Fig. 3, there is shown a second 
embodiment of a tapered notch antenna, according to 
the invention. There is shown a planar dielectric sur- 
face 305 with a metallic coating 301 disposed the- 
reon. The metallic coating has a portion removed by 
etching forming a tapered notch portion 307, notch 
portion 311 and a coplanar waveguide portion 309. A 
signal to be transmitted is applied to the coplanar 
waveguide between the center metallic strip 317 and 
the metallic coating 301. The coplanar waveguide 
field excitation is TEM in nature. The coplanar 
waveguide forms a cross junction 319. Shorted stub 
313 of the coplanar waveguide extends beyond the 
notch and forms a reactance at the junction 319. The 
shorted stub 31 5 of the notch also forms a reactance 
at the junction 319, and can be adjusted to provide 
optimum field coupling one to the other, coplanar 
waveguide to notch. Hence, it is clear that once this 
adjustment is made and the field is excited in the 
notch 311, ft propagates as a travelling wave outward 
along the notch slotline and taper 307 toward the 
board edge 303. The taper 307 provides an im- 
pedance transition from the slotline to the board edge 
aperture A where the travelling wave couples to space 
and radiation results outward normal to the edge in 
the direction of propagation P. The plane containing 
the notch is thus the E-plane, and the E and H field 
vectors are as labeled in Fig. 3. 

The radiation pattern in the E-piane has a 
maximum directivity in the direction of P determined, 
in part, by the electrical dimension of A. The H-plane 
radiation pattern has a broad cardioid shape with the 
null in the direction of the shorted end of the notch and 
the maximum at the taper end in the direction of P. 
Reciprocity holds for the embodiment 

Referring now to Fig. 4A there is shown a side 
view of a third embodiment of a tapered notch 
antenna, according to the invention. Here the antenna 
element is formed of a thin metal plane 41 1 with thin 
dielectric substrates 417 and 419 on each side. The 
dielectric substrate boundaries are omitted for clarity 
in Rg. 4A. At the line X-X, the metal plate 411 is split 
into two identical planes 413 and 415 each with its 
dielectric substrate 41 7 or 41 9 at the line X-X. Hereaf- 
ter, the notch area 409 diverges into two separate 
identical notches and tapered planes 413 and 415 
with attendant dielectric substrates 417 and 419. As 
pictured in Fig. 4A, the tapered plane 41 3A with a tip 
designated Y and a lower portion 41 3B with a tip 
designated Y'. Similarly in Fig. 4A, the tapered plane 
415 depicted as being farthest away from the viewer 
comprises an upper portion 41 5A with a tip desig- 
nated Z and a lower portion 41 5B with a tip designated 
Z'. 

In Fig. 4B there is shown ajpp view of the second 
embodiment, indicating the boundaries of the dielec- 
tric substrates 417 and 419. As before, the metal 
plane 411 splits at the line X to become two curved 
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planes413and415, separated by a distance B at their 
tips. 

In the third embodiment of Rgs. 4A and 4B, the 
feed 407 is a coplanar wave guide with cross junction 
to the notch 409 matched by reactive stubs 405 and s 
403. As shown, the spilt of the notch 409 Into two tap- 
ered planes 41 3 and 415 results in discrete apertures 
Y-Y' and Z-Z* similar to two dipoles, one oriented 
along the line Y-Y' and the other along the line Z-Z'. 
Thus, when fed in phase these apertures Y-Y' and Z- 1 o 
Z' represent a two-element array of In phase elements 
spaced apart by a distance B. This spacing gives bi- 
plane pattern directivity control and may be adjusted 
as desired. Those skilled in the art will understand the 
possibilities for splitting the metal plane 311 into a is 
multiplicity of separate planes at line X with theirtaper 
sections diverging outward one from another, each at 
a different rate such that a multiplicity of element end 
apertures is attained and so positioned as to form an 
array of discrete phase centers. Further, those skilled 20 
in the art will realize that both amplitude and phase of 
each phase center may be varied one to another by 
many conventional means, for example, by adjusting 
the taper path length, taper rate, impedance level, or 
by the use of separate and varied dielectric substrate 25 
materials. 

While various embodiments of the tapered notch 
antenna, according to the invention, are disclosed 
hereinabove, the scope of the invention is defined by 
the following claims. 30 



Claims 

1. An antenna comprising: 35 

a planar surface with metal coating dis- 
posed thereon, 

the metal coating removed in a first essen- 
tially linear region to form a stripline feed, 

the metal coating removed in a second 40 
region to form a notch having a dosed narrow end 
and a relatively wider end that is open; 

said stripline feed region intersecting said 
notch at a coplanar junction located near said nar- 
row end of said stripline feed, 45 

the notch forming two metallic fingers that 
extend away from said coplanar junction and 
toward the open wider end; 

wherein each of said two metallic fingers is 
split into two leaves, the leaves parted and sepa- 50 
rated relative to each other; and, 

wherein said leaves diverge outward from 
one another toward said open wider end. 



2. The antenna of claim 1 wherein said dielectric 
surface forms one side of a printed circuit board. 

3. An antenna comprising: 
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an essentially planar dielectric surface 
having an edge with a metal coating disposed 
thereon, 

the metal coating removed in a first essen- 
tially linear region to form a coplanar waveguide 
feed, 

the metal coating removed in a second 
region to form a notch having a closed narrow end 
and a tapered wider end that is open at the edge 
of the dielectric surface, 

the coplanar waveguide feed intersecting 
the notch at a coplanar junction located near the 
closed narrow end of the notch. 

4. The antenna of claim 3 further arranged so that 
said tapered end of the notch is divided into two 
separate metallic surfaces, the metallic surfaces 
diverging away from one another toward the open 
end of the notch. 

5. An antenna comprising: 

a feed line and a notch radiator, 

said notch radiator having a closed narrow 
end, the other end having a wider tapered region 
that is open, 

said feed line and said notch radiator being 
coplanar, with the feed line and the notch radiator 
conductors in the same plane and disposed on a 
dielectric surface, 

said feed line coupled to said notch 
radiator by means of a coplanar junction located 
near the closed narrow end of the notch. 

6. The antenna of claim 5, having said tapered reg- 
ion of said notch radiator separated into two con- 
ducting surfaces, the separated surfaces 
diverging outward away from one another 
towards the open end of the notch. 

7. The antenna of claim 6 wherein said dielectric 
surface forms one side of a printed circuit board. 

8. An antenna comprising: 

two thin dielectric substrates, 
the first substrate having an outer side and 
an inner side, the outer side having a metallic sur- 
face disposed thereon, the inner side having a 
metallized strip affixed thereon whose function is 
that of a stripline, 

the second substrate having an outer side 
and an inner side, the outer side having a metallic 
surface disposed thereon, the inner side unmetal- 
lized, 

the metallized surfaces both having sub- 
stantially identical portions of the metallic coating 
removed by etching to-ferm a tapered notch on 
each surface, each notch having a narrow closed 
end and a relatively wider tapered end that is 
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open, 

the inner surfaces of both substrates bon- 
ded together in the region near the narrow closed 
end of the notch, 

the inner surfaces of both substrates sepa- s 
rated from each other in the region near the wider 
tapered end of the notch, 

the inner surfaces diverging outward one 
from another towards the open end of the notch. 

10 

9. A printed circuit board including an antenna, the 
antenna comprising: 

an essentially planar metallic surface, 
the metal coating removed in a first essen- 
tially linear region to form a co planar waveguide 15 
feed, 

the metal coating removed in a second 
region to form a notch having a closed narrow end 
and a tapered wider end that is open at the edge 
of the dielectric surface, 20 

the copianar waveguide feed intersecting 
the notch at a copianar junction located near the 
closed narrow end of the notch. 



the second substrate having an outer side 
and an inner side, the outer side unmetaliized and 
the inner side having a metallic surface disposed 
thereon, 

the metallic coating of said second sub- 
strate removed in substantially identical portions 
as that of the first substrate but in mirror image 
such that when the inner surfaces are placed 
together an alignment of the metallic coating is 
achieved, 

the inner surfaces of both substrates bon- 
ded together in the region near the narrow closed 
end of the notch, 

the inner surfaces of both substrates sepa- 
rated from each other in the region near the wider 
tapered end of the notch. 



10. A printed circuit board including an antenna, the 25 
printed circuit board including a surface, the 
antenna comprising: 

a feed line comprising a first area of the 
printed circuit board surface having conductive 
metal deposited thereon and a notch radiator 30 
comprising a second area of the printed circuit 
board surface having conductive metal deposited 
thereon, 

said notch radiator having a closed narrow 
end, the other end having a wider tapered region 35 
that is open, 

the feed line being generally elongated 
and having a relatively narrow width ; 

the notch radiator and the feed line each 
running in a generally orthogonal direction to 40 
each other; 

said feed line coupled to said notch 
radiator by means of a copianar junction located 
near the dosed narrow end of the notch. 

45 

11. An antenna comprising: 

two thin dielectric substrates, 
the first substrate having an outer side and 
an inner side, the outer side unmetaliized, the 
inner side having a metallic surface disposed the- so 
reon, 

the inner side metallic coating of said first 
8Ubetrate removed to form a tapered notch with 
copianar transmission line feed, 

said notch radiator having a narrow closed ss 
end and a relatively wider tapered end that is 
open and said copianar transmission line feed 
located in the region of said narrow end, 
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